Abstract. Space fractional advection diffusion equations are better to describe anomalous diffusion phenomena because of non-locality of fractional derivatives, which causes people to confront great trouble in problem solving while enjoying the convenience from mathematical modelling, especially in high dimensional cases. In this paper, we solve the three-dimensional problem by the process of dimension by dimension, which can be achieved through a predictor-corrector algorithm. In time discretization, Crank-Nicolson scheme is adopted to match second-order difference operator of the space direction. Then, the efficiency of this method is demonstrated by some numerical examples finally.
Introduction
In recent decades, anomalous diffusion has been widely recognized in the scientific fields. Thus the fractional partial differential equations, as models, are used to describe the corresponding phenomena. The space fractional advection diffusion equation (SFADE) is especially important in describing and understanding the dispersion phenomena involving two physical processes: advection and superdiffusion, where a particle plume spreads at a rate inconsistent with the classical Brownian motion model. In form, SFADE is derived by replacing the second-order derivative by a fractional derivative in the classical advection diffusion equation. By far, there have already been some important progresses for solving the fractional PDEs. The analytical methods having been proposed include the Fourier transform method, the Green function method [8] , and the methods presented in [5] . However, in most cases, obtaining the exact solutions is very difficult because of the non-local property of the fractional derivative. Thus reliable and efficient numerical techniques have been developed, such as finite difference methods [9, 13] , finite element methods [6, 14] , finite volume methods [7] and spectral methods [1] , etc.
Because of the extensive use of the three-dimensional models in research, this paper focuses on the three-dimensional SFADE in finite domain with zero Dirichlet boundary conditions. The fractional derivative is non-local operator, which causes the stiffness matrix of the discrete linear system is a Toeplitz type, and makes fractional partial differential equations more difficult to solve, especially in high-dimensional cases. To our knowledge, the numerical methods for solving the three-dimensional [11] . Here, we extend the predictor-corrector algorithm [12] to solve the fractional problem, i.e., the three-dimensional SFADE. The method adopted in this paper is of good stability properties, reasonable computational cost and ease of implementation for the three-dimensional problems. The idea behind the algorithm is to use a suitable combination of an explicit and implicit technique to obtain a method with better convergence characteristics, and solve the high-dimensional problems by the process of dimension by dimension. Abundant numerical examples are provided to verify the theoretical results afterwards. The remainder of this paper is organized as follows. In section 2, we outline the three-dimensional SFADE and its fully discrete scheme by finite difference approximation. The numerical experiments are carried out in section 3 to verify the theoretical analysis, and the conclusions are summarized in the last section.
2 The predictor-corrector scheme for the three-dimensional SFADE In this paper, we consider the following problem named as SFADE of order 1 , , 
with boundary and initial conditions
where 
Equations (4) and (5) 
Discretizations of Riemann-Liouville fractional derivatives Let
We use the second-order approximation operators given in [2, 10] to discretize the left and right Riemann-Liouville fractional derivatives (4) and (5), i.e., 
. 4
Ni
,
are introduced for simplicity. Analogously, the discrete operators and notations corresponding to variables y and z can be described.
Numerical scheme for the three-dimensional SFADE
We use the strategies (6)- (8) to discrete the space derivatives in the three directions, and the CrankNicolson scheme is used in time direction. Then equation (1) can be written in the following form 
, we derive the full discretization scheme of (1) as
to the left hand side of equation (9) and distribute the appropriate half of the above term to the right hand side, then we are left with
We adopt the predictor-corrector scheme [12] to solve the system of equations (10) . It can be proved rigorously that the numerical scheme is unconditionally stable and second-order convergent in both time and space directions by the matrix method, though we omit them here.
Equations (11)- (13) represent the predictor, which determine ,,
by splitting scheme. Equation (14) is the corrector.
Numerical examples
In this section, some numerical experiments are carried out to verify the convergent orders and stability of our method. Let , , ,
: max , , ,
: , , , . 
Conclusion
In this paper, an efficient numerical scheme for solving the three-dimensional SFADE is provided. The idea behind the predictor-corrector algorithm is to combine an explicit technique with an implicit one properly to obtain a method with better convergence characteristics, and dispose the highdimensional problem by the process of dimension by dimension. Enough numerical experiments are carried out to verify the effectiveness of the algorithm, illustrating that the method is unconditionally stable, and is second-order convergent in both time and space directions, in discrete L  and 2 L norms, respectively. Actually, the algorithm in this work is still efficient for other high dimensional space fractional PDEs.
